PFC (Figure 1A)
and HPC synaptic plasticity changes induced in the tion was reversed (PFC tetanic stimulation was given first), LTP and LTD induced at HPC (HPC homo , 41.7% ± NAcc. The fact that there is a compromise in these competitive synaptic interactions in cocaine-sensitized 7.6%; HPC hetero , −37.9% ± 8.7%; n = 6; Figures 2E and 2F) and PFC (PFC hetero , −30.3% ± 4.4%; PFC homo , animals that correlates with deficits in goal-directed learning suggests that these systems have a significant 42.5% ± 12.3%) inputs were still similar, suggesting that the order of tetanization is not important for this plasticimpact on the way that the balance of synaptic plasticity can affect behavior in pathological conditions. ity. The percent change produced when comparing LTP at HPC homo inputs and LTD at PFC hetero inputs was inversely correlated (r = −0.91, p < 0.01; Figure 2G ), alResults though there was no significant correlation between LTD at HPC hetero inputs and LTP at PFC homo inputs (r = Synaptic Plasticity at HPC and PFC Afferents 0.38, p > 0.05; Figure 2G ). Stimulation electrodes were placed in the ventral HPC Since HPC stimulation activates PFC neurons, which (CA1, ventral subiculum) and PFC (prelimbic/infralimbic in turn project to the NAcc ( Figure 1A ), the P2 compocortex), and recordings were made primarily from the nent in HPC-evoked responses ( Figure 1C ) may be mecore, and in some cases the shell, of the NAcc. This diated by a secondary PFC activation occurring with was done to evaluate both the direct and indirect in-HPC stimulation. Thus, the alteration of amplitudes deteractions mediated by these structures within the fined as P2-N2 in HPC-evoked responses by HPC and NAcc ( Figure 1A ). Single-pulse stimulation in the HPC PFC tetanic stimulation was examined. It was found and PFC evoked characteristic field potential responses that the amplitudes of P2-N2 in HPC-evoked responses in the NAcc ( Figure 1C ). Tetanic stimulation (a train of were persistently decreased by HPC tetanic stimulation 100 pulses at 50 Hz) delivered to the HPC induced a and increased by PFC tetanic stimulation, which was persistent facilitation of HPC-evoked field potential resimilar to the changes observed with PFC-evoked responses (i.e., long-term potentiation, or LTP; defined as sponses (HPC homo , −24.9% ± 3.6% decrease measured a HPC homo , 45.7% ± 7.9% [mean ± SD] increase meaduring the initial 5 min after HPC tetanic stimulation relsured during the initial 5 min after HPC tetanization relative to the baseline average response; HPC hetero , ative to baseline average response, n = 9; Figures 2A-29.2% ± 4.3% increase measured during the initial 5 2D) simultaneously with a persistent attenuation of min after PFC tetanic stimulation relative to the average PFC-evoked responses (i.e., long-term depression, or response recorded 5 min preceding the second tetani-LTD; defined as PFC hetero , −34.8% ± 4.7%, n = 9; Figzation, n = 9; Figures 2H and 2I ). ures 2A-2D, Table 1 ). In all cases, these changes were maintained for more than 30 min. Forty minutes after HPC tetanization, another train of tetanic stimulation DA Modulation of Synaptic Plasticity To examine the effect of DA on homo-and heterowas delivered to the PFC. This manipulation induced a persistent depression of HPC hetero -evoked responses synaptic plasticity at HPC and PFC inputs into the NAcc, partial DA depletion was conducted using AMPT as well as an increase in amplitude of PFC homo -evoked responses (HPC hetero , −25.8% ± 2.6% decrease meainjection. Four hours after a 300 mg/kg i.p. injection and 2 hr following a second 200 mg/kg injection of sured during the initial 5 min after a second tetanization relative to an average response for 5 min preceding the AMPT, LTP at HPC homo inputs could not be produced (HPC homo , −2.2% ± 2.1%, n = 7; Figures 3A, 3C, and second tetanization; PFC homo , 37.4% ± 4.6% increase above baseline following first tetanization, n = 9; Fig-3D , Table 1 ). In addition, instead of producing LTD at PFC afferents by HPC tetanization as observed in conures 2A-2D, Table 1 ). When the order of tetanic stimula- Figure 6B) . Nonetheless, given the NAcc. In saline-treated control rats, HPC tetanic stimulation induced LTP at HPC homo inputs (HPC homo , possibility that a difference in DA dependence of synaptic plasticity may be present in the shell, we repeated 38.3% ± 7.5%; n = 6; Figures 6C and 6D ) and LTD at PFC hetero inputs (PFC hetero , −27.6% ± 7.4%) in the NAcc the LTP and LTD induction in the shell with DA manipulation by SCH and QIN, which have been shown to shell. However, in the cocaine-sensitized rats, HPC tetanic stimulation failed to induce any persistent change block LTP at HPC homo and LTD at PFC hetero inputs induced by HPC tetanic stimulation and LTP at PFC homo in the HPC homo -and PFC hetero -evoked responses (HPC homo , 1.2% ± 5.3%; PFC hetero , −3.2% ± 5.2%; p < inputs induced by PFC tetanic stimulation, respectively, in the core (Figures 4B and 4D) . SCH pretreatment 0.01 compared to the saline group; n = 10; Figures 6C 6E ). However, perseverative and regressive errors in cocaine-sensitized rats were significantly increased and HPC hetero , −27.2% ± 8.4%; PFC homo , 37.3% ± 6.5%; n = 10; saline group, HPC hetero , −21.9% ± 5.2%; PFC homo , decreased, respectively (perseverative errors, 10.2 ± 0.7 trials; regressive errors, 3.2 ± 0.8 trials; Figure 6E ). 30.6% ± 4.1%; n = 6; Figures 6C and 6D) .
AP-V (50
We also tested whether this synaptic alteration inThese increased perseverative and decreased regressive errors are counterbalanced in RDT, resulting in no duced by cocaine sensitization was reflected by disruption of goal-directed behavior. Using a plus-maze difference in the number of trials taken in RDT between control and cocaine-sensitized rats. These results sugtask, we tested learning and set shifting of response strategies. In these tasks, rats were required to make gest that the learning of a response strategy is facilitated, whereas switching of a strategy in goal-directed turns in order to obtain rewards, with the turning direction based on either a visual cue placed in the maze behavior is disrupted by cocaine sensitization, perhaps because of the influence of perseveration on task per-(visual cue task, or VCT) or response direction (response direction task, or RDT). After reaching response formance. criterion (ten consecutive correct responses in a session) in VCT, the task was switched to RDT until criteDiscussion rion performance level was again reached. We have shown previously that HPC inactivation combined with
In this study, we show that (1) PFC and HPC inputs have mutually opposing interactions within the NAcc D1 receptor blockade in the NAcc interferes with acquisition of both tasks, whereas PFC inactivation that affect synaptic plasticity in a manner that is determined by the direction of information flow between combined with D2 receptor stimulation selectively disrupts task switching (Goto and Grace, 2005). these structures, (2) PFC and HPC synaptic plasticity is selectively modulated via D1 and D2 receptors, and (3) Control saline-treated rats (n = 6) required 55.8 ± 5.1 trials in VCT and 61.0 ± 3.7 trials in RDT to reach criterepeated treatment with a psychostimulant disrupts this synaptic plasticity. In a previous study (Goto and rion ( Figure 6E ). Perseverative and regressive errors were 6.3 ± 0.8 and 6.2 ± 0.8 trials, respectively ( Figure  Grace, 2005) , we showed that tonic and phasic DA transmission independently affect PFC and HPC inputs 6E). On the other hand, cocaine-sensitized rats (n = 6) required a significantly smaller number of trials to reach into the NAcc via D2 and D1 receptors, respectively. ter experiments were conducted in a brain slice prepa-ration where DA release is substantially different from that occurring in vivo (i.e., less spontaneous tonic DA release) and that the stimulation of afferents was done by placing electrodes on the cortical afferents into the NAcc. Our results could explain this apparent contradiction. Thus, we have shown here that LTP at PFC inputs is produced only when there is a decrease in tonic D2 receptor stimulation. However, in the slice preparation (in which disconnection of DA afferents from cell bodies in the VTA would decrease tonic DA stimulation), the lack of D2 activation would cause the induction of LTP at unidentified cortical (but not HPC) inputs to appear as DA independent. Thus, the inability to selectively stimulate afferents and the diminished tonic D2 stimulation present in the in vitro brain slice is likely to provide misleading results regarding the role of DA in synaptic plasticity in the NAcc. Another factor is that stimulation in slice preparations is typically delivered to the fibers in the corpus callosum rather than on specific cortical cell bodies, and such stimulation may lead indirectly to DA release in the NAcc (e.g., Pennartz et al., Figures 7C and 7D) . Ininvolve a decreased glutamate release from PFC terdeed, our study suggests that PFC activity is crucial for minals that was not further modulated by HPC tetanic induction of LTP and LTD on PFC afferents into the stimulation, although no change has been reported in NAcc. Thus, when activity in some cortical neurons is paired-pulse ratio at the cortico-NAcc pathway with weak, then DA would not be expected to alter plasticity LTD in cocaine-sensitized animals, suggesting possible on such afferents. This is consistent with a recent findinvolvement of postsynaptic mechanism ( were food-restrained to maintain about 85% of body weight compared to the normal condition.
Experimental Procedures
VCT was the first task tested in these rats, in which they were required to make a right or left turn toward the arm of the maze Recording All experiments were conducted in accordance with the National where the visual cue was placed to obtain rewards (a piece of cereal). 
